The potato cDNAs Solanum tuberosum isovaleryl-CoA dehydrogenases 1 and 2 (St-IVD1 and St-IVD2) encode proteins that are 84% identical to each other and 65 and 64% identical to human IVD, respectively. St-IVD2 protein was previously partially purified from potato tubers and confirmed to be an IVD. The function of St-IVD1 is unknown. In these experiments, both proteins were expressed in Escherichia coli and purified as intact homotetramers. The substrate preference profile of the St-IVD2 protein was similar to that of human IVD. However, recombinant St-IVD1 had maximal activity with 2-methylbutyryl-CoA, which in humans is dehydrogenated by short/branched-chain acyl-CoA dehydrogenase (SBCAD). Whereas molecular modeling predicts that the 2-methylbutyryl-CoA dehydrogenase (2MBCD) and IVD substrate binding pockets are nearly identical, 2MBCD has amino acid substitutions at five residues that are invariant among all of the known and putative IVDs. Site-directed mutagenesis was used to match the human IVD active site with that of potato 2MBCD. The resulting mutant IVD had detectable activity with 2-methylbutyryl-CoA and no activity with isovalerylCoA. The 2MBCD active site was compared with that of human SBCAD using molecular modeling. Residues Met-361 and Ala-365 of 2MBCD appear to partially substitute for the function of Tyr-380 in human SBCAD, binding the methyl branch linked to C 2 of 2-methylbutyryl-CoA, whereas residues Val-88, Val-92, and Val-96 appear to bind the distal C 4 methyl group. The presence of a 2MBCD in potato that is highly homologous to IVD is an example of convergent evolution within the acyl-CoA dehydrogenase family, leading to the independent occurrence of two enzymes (SBCAD and 2MBCD) specific for 2-methylbutyryl-CoA.
in complex with substrate/product, transfer electrons to the electron-transferring flavoprotein (ETF), which in turn passes them into the electron transport chain. Genetic deficiency of IVD or SBCAD in humans results in organic acidemias (1) (2) (3) (4) (5) (6) . SBCAD and IVD belong to the evolutionarily conserved acylCoA dehydrogenase (ACD) family of mitochondrial flavoenzymes, which share a 30 -35% amino acid sequence homology. There are currently nine known ACD family members with distinct substrate specificity profiles. Short-chain, mediumchain, long-chain, and very long-chain acyl-CoA dehydrogenases as well as the newest family member, ACD9, are involved in mitochondrial ␤-oxidation of fatty acids (7, 8) . In addition to IVD and SBCAD, two other ACDs are involved in branchedchain amino acid degradation. Isobutyryl-CoA dehydrogenase dehydrogenates an intermediate in valine degradation (9) , whereas glutaryl-CoA dehydrogenase catalyzes both the dehydrogenation and decarboxylation of an intermediate in lysine degradation (10) . The ACDs are active in the mitochondrial matrix as homotetramers with the exception of very long-chain acyl-CoA dehydrogenase, which is a membrane-associated homodimer (11) . Based on the homology to very long-chain acylCoA dehydrogenase, ACD9 is thought to be a membrane-associated homodimer as well.
Although mitochondrial ACDs involved in ␤-oxidation of fatty acids have not been identified in plants, cDNA sequences highly homologous to human IVD have been found in several plant species including Solanum tuberosum (potato), Arabidopsis, barley, corn, pea, rice, soy bean, and wheat. IVDs have been partially purified from potato and Arabidopsis and confirmed to have maximal enzyme activity with isovaleryl-CoA (12, 13) . Potato and Arabidopsis IVDs are unusual in that they were reported to be homodimers, and both appeared to have significant enzyme activity with isobutyryl-CoA, which is not used as substrate by either mammalian or Caenorhabditis elegans IVDs.
Potato IVD is encoded by the St-IVD2 gene (GenBank TM accession number AJ278988). Another potato cDNA has been reported (St-IVD1, GenBank TM accession AJ278987) that translates into a predicted IVD-like protein that is 84% identical to the St-IVD2 gene product. However, the St-IVD1 gene product differs from Ͼ30 known and putative IVD sequences from a diverse range of species at five residues in the substrate binding pocket (14) . This finding suggests that the St-IVD1 gene product might utilize substrates other than isovalerylCoA. To determine the function of St-IVD1, the St-IVD1 and St-IVD2 cDNAs were cloned from potato sprouts and expressed in Escherichia coli. Substrate specificity and biochemical parameters of the purified recombinant enzymes were determined. The importance of residues in the active site in determining substrate specificity was studied by remodeling the acyl binding pocket of human IVD to mimic that of the St-IVD1 gene product.
EXPERIMENTAL PROCEDURES

Cloning of St-IVD1 and St-IVD2 cDNAs and Construction of Expres-
sion Vectors-A potato sprout weighing ϳ300 mg was placed in liquid nitrogen in a mortar and pulverized with a pestle. The pulverized tissue was resuspended in 2 ml of TRIzol reagent (Invitrogen), and total RNA extraction was carried out following the manufacturer's instructions. First strand cDNA was synthesized using the iScript kit (Bio-Rad) from 1 g of total potato RNA. The St-IVD1 and St-IVD2 coding regions minus the mitochondrial leader peptide sequences were then amplified with the Advantage High Fidelity-2 PCR kit (BD Biosciences) and TA-cloned into the pGEM-T Easy vector following the manufacturer's instructions (Promega, Madison, WI). The 5Ј-primer for St-IVD1 was designed to add a translation initiation codon just before the mature N terminus as well as an NdeI restriction site. Nucleotides were altered such that the first 17 amino acids reflected E. coli codon bias (15, 16) . The primer was as follows, with the start codon in boldface and the changed nucleotides underlined: 5Ј-TTC GAT TGT GCC AGA CAT ATG TCT ACT TCT TTA CTG CTG GAT GAT ACT CAG AAA CAG TTC AAA GAA AGT GTA-3Ј. The 3Ј-primer for St-IVD1 contained a PstI restriction site (5Ј-GCT GAC CTG CAG TTA TTG ATG TTT AAA GAG CTC ACG ACC-3Ј). St-IVD1 was subcloned from pGEM-T Easy into the pLEX prokaryotic expression vector (Invitrogen) using NdeI and PstI. The St-IVD2 expression plasmid was generated in a similar fashion. The 5Ј-primer contained an EcoRI restriction site and changed the first 12 amino acids to reflect E. coli codon bias. This primer was as follows, with the start codon in boldface and changed nucleotides underlined: 5Ј-GTG CCA GAA TTC ATG TCC ACT TCC CTG CTG TTC GAC GAC ACT CAG AAA CAG-3Ј. The 3Ј-primer contained a PstI site (5Ј-GCT GAC CTG CAG TCA TTG TTC TTT AAA GAG TTC ACG GCC-3Ј). The St-IVD2 PCR product was subcloned from pGEM-T Easy into the EcoRI and PstI sites of the pKK223-3 expression plasmid (Amersham Biosciences). All of the clones were sequenced in their entirety to confirm the lack of amplification errors.
Expression and Purification of Recombinant Potato Enzymes-Expression of the St-IVD1 cDNA was performed with the P L expression system following the manufacturer's instructions (Invitrogen). Cells were grown in 10 liters of minimal medium at 30°C to an A 550 of 0.5. The expression of St-IVD1 was then induced with the addition of tryptophan to a final concentration of 100 g/ml. After 3 h, the cells were harvested. The expression of St-IVD2 was performed as described previously for human IVD (16, 17) in E. coli strain XL1Blue (Stratagene, La Jolla, CA). Both potato proteins were purified following the protocol previously developed for human IVD (16, 17) . Cells were disrupted by sonication, and cellular debris was removed by centrifugation. Crude cellular lysate was subjected to chromatography on DEAE-Sepharose Fast Flow (Amersham Biosciences) followed by chromatography on a 20-m ceramic hydroxyapatite column (Bio-Rad). Purity was judged by SDS-PAGE. Both proteins were evaluated for the presence of bound CoA-persulfide, in common with recombinant IVDs, through spectral scans using a Beckman DU7400 spectrophotometer. Bound CoA-persulfide results in a shift of the absorbance peak in the 445-nm region along with an increase in absorbance centered around 550 nm (18) . CoA-persulfide was found only in the purified St-IVD2 gene product and was removed by treatment with sodium hydrosulfite ("degreening") as described previously (14) . Protein concentration of the purified samples was determined with the Bio-Rad protein assay reagent according to the manufacturer's instructions (Bio-Rad). Samples were stored in 20% glycerol at Ϫ80°C until time of use.
Construction and Expression of Mutant Human IVDs-PCR-based site-directed mutagenesis was used to introduce five mutations into the human IVD pKK223-3 expression construct that has been described previously (16) . L95V, A99V, and L103V substitutions were introduced with the following primer (with altered nucleotides underlined): 5Ј-GAG GAG ATA TCC CGA GCT TCC GGA GCA GTG GGG GTT AGT TAC GGT GTG CAC TCC AAC GTA TGC ATC AAC CAG CTT GTA CGC-3Ј. Following sequencing to verify the presence of the triple mutation, the L370M and G374A substitutions were introduced using the following primer: 5Ј-GAC TTT CCC ATG GGC CGC TTT CTT CGA GAT GCC AAG ATG TAT GAG ATA GCT GCT GGT ACC AGC GAG GTG AGG CG-3Ј. The altered nucleotides are underlined, and the italicized base pair was altered to introduce a KpnI restriction site without changing the amino acid sequence. The resulting quintuple mutant was sequenced to verify the presence of the mutations and the absence of other errors introduced by amplification. The double mutant L370M/ G374A was generated from the quintuple mutant by subcloning a C-terminal fragment containing the desired mutations back into the wild-type IVD construct. Wild-type human IVD and the double, triple, and quintuple mutants were expressed in the JM105 strain of E. coli. For each mutant-expressing strain, a 50-ml culture was grown at 37°C to an A 550 of 0.8 and then induced with 0.5 mM isopropyl 1-thio-␤-Dgalactopyranoside for 20 h. Crude cellular extracts were prepared by sonication and centrifugation and assayed for enzyme activity.
Enzyme Assays-Enzyme activity was measured with the anaerobic ETF fluorescence reduction assay using an LS50B fluorescence spectrophotometer from PerkinElmer Life Sciences with a heated cuvette block set to 32°C as described previously (17, 19) . Butyryl-CoA, valerylCoA, hexanoyl-CoA, octanoyl-CoA, isobutyryl-CoA, and isovaleryl-CoA were purchased from Sigma. (S)-2-Methylbutyryl-CoA was synthesized as described previously (20) . One milliunit of activity is defined as the amount of enzyme necessary to completely reduce 1 nmol of ETF in 1 min. For kinetic analysis, ETF concentration was 1 M and the substrate concentration was varied from 0.1 to 50 M. The K m and V max values were calculated using the Psi Plot software, version 7.01 (Poly Software International, Pearl River, NY).
Estimation of Molecular Mass-The molecular mass of the purified St-IVD1 and St-IVD2 gene products was estimated by gel filtration with a BioSep SEC-S3000 column (Phenomenex, Torrance, CA) on a Waters high pressure liquid chromatography system (Milford, MA). A standard curve for this column was generated using standards purchased from Amersham Biosciences as follows: ribonuclease A (13.7 kDa); ovalbumin (43 kDa); albumin (67 kDa); aldolase (158 kDa); catalase (232 kDa); and ferritin (440 kDa). Running buffer was 20 mM KPO 4 , 150 mM NaCl, pH 7.0, flowed at a rate of 1.0 ml/min. Approximately 50 g of St-IVD1 or St-IVD2 gene products were injected onto the column. Approximately 50 g of human IVD was injected as a control. The elution volume for each protein was determined by following the absorbance at 280 nm using a Waters 996 photodiode array detector. The molecular mass of recombinant human IVD, St-IVD2, and Arabidopsis IVD was also estimated from E. coli crude cellular extracts separated with a Superdex TM 200 size-exclusion column on a ÅKTA fast protein liquid chromatography unit (Amersham Biosciences). Crude cellular extracts from 10 ml of E. coli cultures were injected at 1.0 ml/min with 50 mM KPO 4 , 150 mM NaCl, pH 7.5, as running buffer. Fractions were collected (2 ml) and subjected to Western blotting with anti-human IVD antibody. A standard curve for this column was generated with the molecular mass standards listed above. Arabidopsis IVD in the tryptophan-inducible plasmid pAL-781 was a kind gift of Stefan Binder (12) .
Western Blotting-Twenty-five g of protein from wild-type and mutant human IVD E. coli crude cellular extracts were subjected to electrophoresis on a 10% SDS-polyacrylamide gel. Separated proteins were transferred to 0.2 m of Optitran TM nitrocellulose membrane (Schleicher & Schuell) using a TE Series Transphore electrophoresis unit (Hoefer Scientific Instruments, San Francisco, CA). IVD protein was detected by incubation with a 1:1,000 dilution of anti-IVD antibody followed by a 1:3,000 dilution of alkaline phosphatase-conjugated goat anti-rabbit IgG and visualization with a nitro blue tetrazolium/5-bromo-4-chloro-3-indolyl phosphate color development solution according to the manufacturer's instructions (Bio-Rad).
Molecular Modeling-Computer modeling of St-IVD1 and St-IVD2 gene products and human SBCAD were performed using a Silicon Graphics O 2 work station (Mountain View, CA) and the Insight II software package as described previously (14) . The atomic coordinates of human IVD (Protein Data Bank code 1IVH) and rat short-chain acyl-CoA dehydrogenase (Protein Data Bank code 1JQI) were used as reference molecules (21, 22) . The CoA-persulfide in the human IVD structure and the acetoacetyl-CoA in the rat short-chain acyl-CoA dehydrogenase structure were fixed as part of their respective structures prior to modeling. In each case, several models were generated and inspected manually for violations at the active site region and models with significant violations were rejected.
RESULTS
Expression and Purification of Recombinant St-IVD1 and
St-IVD2 Gene Products-The gene product of St-IVD2 (potato IVD) was successfully expressed using pKK223-3, the prokaryotic expression vector we previously employed for the production of human and C. elegans IVDs (14, 17) . However, no St-IVD1 gene product was detectable by immunoblot in crude cellular extract from isopropyl 1-thio-␤-D-galactopyranosideinduced cells containing the St-IVD1 cDNA in pKK223-3. Therefore, the tryptophan-inducible P L expression system, which provides tighter control over expression than the pKK223-3 vector, was used to express this protein. Both pro- 5 kDa) . B, absorbance spectrum of recombinant St-IVD1 and St-IVD2 in the 300 -500-nm region. St-IVD2 shows a red shift of the peak at 445 nm, which is characteristic of bound CoA-persulfide.
teins were purified to greater than 90% homogeneity (Fig. 1A) and thus are the first recombinant plant ACDs to be purified. Spectral assays performed on the purified enzymes showed no indication of bound CoA-persulfide in the St-IVD1 gene product, whereas the St-IVD2 gene product had a red shift of the 445-nm absorbance peak to 432 nm, which is consistent with the presence of a CoA-persulfide molecule (Fig. 1B) . The St-IVD2 gene product was "degreened" with sodium hydrosulfite before use in enzyme assays (14, 18) .
Molecular Mass of the St-IVD1 and St-IVD2 Gene ProductsPartially purified native potato IVD was previously reported to be a dimer of 85-90 kDa as was recombinant Arabidopsis IVD from an E. coli crude cellular extract (12, 13) . In the present experiments, the apparent molecular masses were estimated to be 188 and 146 kDa for the purified St-IVD1 and St-IVD2 gene products, respectively, using high pressure liquid chromatography gel filtration (Fig. 2) . Purified human IVD also eluted at a volume corresponding to 146 kDa (data not shown). These data are consistent with the recombinant St-IVD1 and St-IVD2 gene products having a tetrameric quaternary structure. Likewise, the cellular extracts from isopropyl 1-thio-␤-D-galactopyranoside-induced cells containing either the St-IVD2 gene product or Arabidopsis IVD were analyzed by fast protein liquid chromatography using a Superdex 200 size-exclusion column and the fractions were subjected to Western blotting with anti-IVD antibodies. IVD-reactive protein appeared only in fractions in the size range of 160 -220 kDa for both proteins (data not shown).
Substrate Specificity and Kinetic Constants of Recombinant St-IVD1 and St-IVD2 Gene Products-Enzyme activity was measured for the purified St-IVD1 and St-IVD2 gene products with a variety of acyl-CoA substrates using the anaerobic ETF fluorescence reduction assay. The two proteins had very different patterns of substrate utilization. Despite high homology to IVD, the St-IVD1 gene product had little or no activity with isovaleryl-CoA as substrate with a preference instead for 2-methylbutyryl-CoA (Fig. 3A) . The K m was 1.0 M with 2-methylbutyryl-CoA (Table I) . Thus, we designated this enzyme as 2-methylbutyryl-CoA dehydrogenase (2MBCD). Potato 2MBCD had no detectable activity with isobutryryl-CoA (data not shown) but had minor activity with the straight-chain substrates, butyryl-CoA, valeryl-CoA, hexanoyl-CoA, and octanoyl-CoA, ϳ20% or less than that seen with 2-methylbutyrylCoA (Fig. 3A) .
As previously reported for the native protein, isovaleryl-CoA was the preferred substrate for recombinant St-IVD2 (Fig. 3A) . However, purified recombinant potato IVD differed from the partially pure native form in that it showed no activity with isobutyryl-CoA as substrate using either the natural electron acceptor ETF or the chemical electron acceptor ferricenium (data not shown). The activity with 2-methylbutyryl-CoA was 5% of that seen with isovaleryl-CoA. Similar to previous results with recombinant human and C. elegans IVD (14, 17) , potato IVD showed low activity with the straight-chain substrates butyrylCoA, valeryl-CoA, hexanoyl-CoA, and octanoyl-CoA (Fig. 3A) . Kinetic parameters were determined for the preferred substrate, isovaleryl-CoA. The K m was estimated at 1.3 M (Table I) , similar to the K m of human IVD for isovaleryl-CoA (17) .
Mutagenesis of Human IVD-Five residues in the active site of 2MBCD differ from those found in all of the known IVD sequences (Val-88, Val-92, Val-96, Met-361, and Ala-365). To test whether these five amino acids play a role in determining the specificity toward isovaleryl-CoA versus 2-methylbutyrylCoA, human IVD was mutated to match the 2MBCD sequence at the homologous residues Leu-95, Aal-99, Leu-103, Leu-370, and Gly-374. The quintuple mutant human IVD L95V/A99V/ L103V/L370M/G374A was expressed in E. coli to a similar level as wild-type human IVD (Fig. 4 ) but was inactive with isovaleryl-CoA as substrate as indicated by assay of crude cellular extract using the ETF fluorescence reduction assay (Table II) . Low activity was observed with 2-methylbutyrylCoA as substrate. The quintuple mutant enzyme was unstable and became inactive during purification because of a loss of the FAD cofactor, hampering further enzymatic characterization.
The five mutations at human IVD residues 95, 99, 103, 370, and 374 were divided into two groups based on their position in the active site. A triple mutant L95V/A99V/L103V human IVD and a double mutant L370M/G374A human IVD (matching the homologous St-IVD1 residues) were made and tested for substrate specificity. Both mutants were expressed to similar levels as wild type human IVD in E. coli (Fig. 5) . The L95V/A99V/ L103V mutations, which line the bottom of the substrate pocket, eliminated activity with isovaleryl-CoA (Table II) ; however, activity was also undetectable with 2-methylbutyryl-CoA. The L370M and G374A mutations were predicted to accommodate the C 2 branch of 2-methylbutyryl-CoA. Mutant L370M/ G374A had reduced specific activities for all of the substrates compared with wild-type IVD, but overall, the substrate specificity profile was similar to wild-type human IVD (Table II) . These two mutations did not enhance activity with 2-methylbutyryl-CoA as substrate.
DISCUSSION
The two potato cDNA sequences St-IVD1 and St-IVD2 were successfully expressed in E. coli, and the substrate specificity of the corresponding purified recombinant enzymes was determined. Potato 2MBCD, the St-IVD1 gene product, demonstrated highest specificity for 2-methylbutyryl-CoA and no activity toward isovaleryl-CoA despite being 84% identical to potato IVD (the St-IVD2 gene product) and 65% to human IVD at the amino acid level (calculated without the mitochondrial leader sequences). Although structurally homologous to IVD, potato 2MBCD is functionally analogous to the human enzyme SBCAD. Potato 2MBCD and human SBCAD both have maximal activity with 2-methylbutyryl-CoA, although human SBCAD also shows high activity with other short straightchain acyl-CoAs (23, 24). SBCAD and potato 2MBCD, which are only 35% homologous at the amino acid level, represent an example of convergent evolution leading to the independent appearance of two enzymes (SBCAD and 2MBCD) specific for 2-methylbutyryl-CoA. It seems likely that the inappropriately designated St-IVD1 gene diverged from the potato IVD gene (St-IVD2) relatively recently, because data base searches failed to reveal similar gene duplications in other plant species.
In 2MBCD, the IVD active site was adapted for efficient use of 2-methylbutyryl-CoA with surprisingly few amino acid substitutions, given the much larger sequence differences between mammalian IVDs and SBCADs. A sequence comparison of 2MBCD to known IVDs suggests that five differences in the active site (Table III) The sulfur and distal methyl group of Met-361 also serves to exclude the binding of isovaleryl-CoA by eliminating the space required to fit a substrate with a methyl group linked to C 3 . Site-directed mutagenesis was also used to study the role of the five 2MBCD active site residues (Table III and Fig. 5 ) in determining substrate specificity. The L95V/A99V/L103V/ L370M/G374A substitutions in human IVD significantly altered the substrate specificity of the recombinant enzyme compared with wild type, leading instead to the pattern observed in potato 2MBCD, albeit with a lower level of activity. This is probably because of subtle conformational effects of amino acid residues at other positions outside the substrate binding Active site three-dimensional structures with the exception of human IVD are predicted from models extrapolated from other known ACD X-ray crystal structures using the Insight II Modeler software. Potato 2MBCD residues that vary from known IVDs are in boldface.
b Catalytic base.
FIG. 5.
Stick representation of five residues in the active site of potato 2MBCD (in green) superimposed over the homologous residues of human SBCAD (in orange). The models were built using human IVD (Protein Data Bank code 1IVH) and rat short-chain acyl-CoA dehydrogenase (Protein Data Bank code 1JQI) atomic coordinates as reference molecules, respectively. An (S)-2-methylbutyryl moiety was manually constructed, attached to a CoA, and included in the model. The glutamates marked by asterisks and arrows are the catalytic residues for their respective enzymes.
pocket, such that, in 2MBCD, the conformation of the flavin moiety of FAD, the catalytic base, and/or other residues relative to the substrate are optimized. Based on molecular modeling of the 2MBCD active site, we predicted that mutating the residues homologous to Met-361 and Ala-365 in human IVD (Leu-370 and Gly-374) would eliminate the binding of isovaleryl-CoA. The specific activity of the L370M/G374A human IVD mutant with isovaleryl-CoA was, in fact, reduced but not eliminated compared with wild type IVD (Table II) . In contrast, a triple mutant (L95V/A99V/L103V) of the three residues believed to be responsible for binding the distal end of the substrate in 2MBCD did completely eliminate activity with isovaleryl-CoA. However, activity with 2-methylbutyryl-CoA was also lost. Thus, whereas the residues at positions 370/374 may create the necessary cavity around the catalytic base for the C 2 branch, the substitutions at the bottom of the pocket are critical to allow utilization of 2-methylbutyryl-CoA. These results imply that all five residues are needed to provide the proper fit and alignment of 2-methylbutyrl-CoA in the active site.
The existence of a potato ACD with high specificity for 2-methylbutyryl-CoA suggests that isoleucine degradation is localized to mitochondria in at least some plants. However, BLAST searches of the DNA databases failed to identify any potential 2MBCD or SBCAD-like enzymes in other plants. To date, little is known regarding either isoleucine or valine degradation in plants. Whereas partially purified potato IVD and Arabidopsis IVD were reported to have activity with isobutyryl-CoA and thus potentially play a role in valine catabolism, our previous studies with native pea plant IVD (25) and our current studies with purified recombinant potato ACDs found no detectable enzyme activity with isobutyryl-CoA as substrate. Human and C. elegans IVDs also do not show activity with isobutyryl-CoA (14, 17) . We conclude that neither potato IVD nor potato 2MBCD plays a role in valine catabolism. A recent analysis of the mitochondrial proteome of Arabidopsis revealed the presence of all of the enzymes required for leucine catabolism, including ETF, but only the enzymes that catalyze the final step of isoleucine and valine catabolism (26) . Zolman et al. (27) and Lange et al. (28) have provided evidence for the existence of valine-catabolizing enzymes in plant peroxisomes. Thus, valine may be either partially or fully oxidized in peroxisomes, perhaps by an acyl-CoA oxidase. These have not been fully characterized for activity with branched-chain substrates.
In this work, we have cloned, expressed, purified, and characterized potato IVD and a new enzyme, which we have designated potato 2MBCD. With its high homology to IVD, potato 2MBCD has provided an opportunity to further our understanding of the amino acids critical for IVD substrate specificity. On another level, 2MBCD provides an interesting example of convergent evolution and raises questions regarding the existence of a mitochondrial isoleucine degradation pathway in plants.
